Abstract: A study was undertaken in New York State to determine the changes in dental fluorosis prevalence from 1955 to 1986 in fluoridated Newburgh and non-fluoridated Kingston children.
Introduction
Oral health surveys conducted in the United States and other developed countries have demonstrated that the prevalence of dental caries in children has declined substantially in recent years. ' " The increased availability of fluoride in many forms appears to be the single most important factor. The use of antibiotics, improved levels of restorative care, and patterns of sugar consumption and snacking have also been thought to contribute to the secular changes.W"
To explain changes in dental caries prevalence in nonfluoridated areas, many investigators have pointed out the effect of systemic fluorides in professionally prescribed supplements and/or the use of fluoridated dentifrices by young children. l, [12] [13] [14] [15] The increased availability of fluorides in food has also been suggested.'3"112' Singer and his co-workers have indicated that the average daily fluoride intake for infants, two-year-olds, and young male adults is within the accepted range of 0.05 to 0.07 milligram per kilogram body weight and has not significantly changed over the past 30 years. 2 However, studies of fluoride levels of baby formulas and cereals have shown a significant increase in the fluoride content when fluoridated water was used for processing these foods. '2 19,27-29 Additional sources of fluorides are available now that were almost nonexistent when water fluoridation standards were determined. These include fluoride rinses and fluoride dentifrices. Barmhart, et al,30 reported that 2-to 4-year-old children ingested an average of 0.3 gram (gm) of dentifrice or 0.3 milligram (mg) of fluoride per brushing. Fluoride supplements are commonly prescribed for children living in nonfluoridated areas.
The availability of fluoride from multiple sources has raised questions about the potential for increases in the fluoridation in Newburgh revealed no changes of consequence among Newburgh residents. However, the changes are apparent for Kingston residents, indicating the availability of fluorides in nonfluoridated areas. The increased risk for dental fluorosis for Kingston residents appears to be from the use of fluoride tablets. An analysis of dental caries data revealed that caries prevalence declined substantially in both fluoridated and non-fluoridated areas. (Am J Public Health 1989; 79:565-569.)
incidence of dental fluorosis. Aasenden 43 The water supply records in Newburgh indicate that the level of fluoride in the water was maintained at the recommended 1 ppm established by the US Public Health Service in 1945, except for a three-year period from 1978 to 1981. This reduction in fluoride would affect the teeth of 7-to 14-year-olds differentially, depending on the stages of development of the teeth during this time. The city of Kingston has a fluoride content of 0.3 ppm in water."
To obtain estimates of prevalences of dental fluorosis and dental caries in the cities of Newburgh and Kingston, children attending grades one through eight in public schools were selected to participate on the basis ofa stratified random sampling of clusters. A total of 1,446 children from five elementary and two junior high schools in Newburgh and 694 children from four elementary and two junior high schools in Kingston agreed to participate in clinical examinations. The response rates were 63 per cent for Newburgh and 50 per cent for Kingston. The overall response rates were 72 per cent and 38 per cent for elementary and junior high schools, respectively.
Dental fluorosis was determined for each child according to the established classification by Dean, in which the child is classified on the basis ofthe two teeth in the mouth showing the most advanced signs of fluorosis. 45 In order to differentiate fluorosis from other enamel defects, the criteria developed by Russell was used.46 Dental caries was assessed using World Health Organization (WHO) guidelines.47 A pretested questionnaire was used to obtain residential and fluoride history from the parents of participants.
Two dentists, who were not involved in New York State fluoridation or fluoride supplement programs, independently examined approximately equal proportions of participants in Newburgh and Kingston. Examination equipment included a portable chair and a fiber optic light source. The examiners were trained by an outside consultant in applying Dean's classification and were standardized four times during the study. Further, as an attempt to incorporate blindness, children who were not continuous residents of Newburgh and Kingston were also examined. The residential and fluoride history data were not made available to the examiners.
The analysis of data is limited to groups of children between ages 7 and 14. Children under age six and over age 15 were excluded because of inadequacies in the sample size. Children with orthodontic bands or only deciduous teeth were also excluded. Estimates of community fluorosis indices and respective standard errors were calculated for comparison purposes using the methods appropriate for stratified cluster sampling.48 Trends in dental caries prevalences were determined by comparing age-race adjusted decayed, missing, filled, teeth (DMFT) indices. The relationship between fluorosis and dental caries was determined by analysis covariance technique. The adjusted mean scores were derived by treating age as a covariate utilizing the SAS-GLM computer package.49
Because a large number of children attending the schools in Newburgh City were from the non-fluoridated town of New Windsor and the recently fluoridated town of Newburgh, the children were separated into distinct groups. As the amount of exposure to fluorides is of particular importance, data analysis is limited to continuous residents of Newburgh and Kingston. For the purpose of this report, 993 children who were not lifetime residents of Newburgh or Kingston cities were excluded from the analysis. Because the prevalence and severity of fluorosis did not differ significantly by ethnic group, sex, or examiners, only summary data are presented. As age-specific fluorosis rates tended to be unstable, data are presented by two-year age intervals.
Results
The characteristics of the study population by relevant variables are presented in Table 1 . There are smaller proportions of White and a generally lower set of socioeconomic indicators in the Newburgh sample and somewhat fewer lifetime residents (14 per cent vs 16 per cent).
The frequency and severity of dental fluorosis for the children examined is presented for the two community groups in Table 2 . Among the residents of the fluoridated Newburgh City, as well as residents of Kingston, the majority of the detectable dental fluorosis lesions observed were in the very mild category.
Among the Newburgh residents, the prevalence of dental fluorosis (very mild to moderate categories) varied from a low of 5 per cent for the 9-10-year-old group to a high of 9.4 per cent for 11-12-year-olds. Except for the 13-14-year-old group, children in the non-fluoridated Kingston had the lowest dental fluorosis prevalence rates. The relation between age and dental fluorosis prevalence was inconsistent.
When the distribution of the lesions on the worst affected tooth ofeach child was analyzed, the clinical manifestation of the lesions observed in Newburgh and Kingston was similar (Table 3) .
A comparison of Dean's community fluorosis indices among the populations reveal that there are no differences in 1986 between Newburgh and Kingston residents (Table 4) . Table 4 also compares the Dean's community fluorosis indices to the baseline data obtained from 1955 studies conducted after 10 years of fluoridation in Newburgh and Kingston. Although changes in the prevalence of dental indicate the exposure to a known risk factor. Table 5 shows that approximately 31 per cent of the children in Kingston reported a history of regular use of fluoride tablets/drops compared to 5 per cent for the residents of Newburgh. The odds ratio calculated for the two groups indicated a greater odds of developing dental fluorosis when tablets were taken every day. Over 95 per cent of the children in both groups reportedly use fluoride dentifrices. The effect of other sources of fluoride, such as topical rinses and professional fluoride applications was not examined.
A comparison of the data gathered from studies conducted in Newburgh and Kingston reveals that caries has declined both in fluoridated and non-fluoridated areas ( Figure  1) . Figure 2 demonstrates the caries trends in 13-and 14-year-old children.
A comparison of dental fluorosis and dental caries prevalence suggests an inverse relationship. Children with very mild to moderate dental fluorosis consistently had lower caries experience ( Table 6 ). The covariate adjusted mean DMFS indices showed that children with very mild to moderate fluorosis had approximately 41 to 54 per cent fewer DMFS, respectively.
Discussion
Although demographic and socioeconomic changes over a period of four decades have resulted in population differences between Newburgh and Kingston, an analysis of trends in fluorosis prevalence should be still valid. Segreto, et al, have reported that the effect of gender, ethnic group, or family income in dental fluorosis is small compared with the effect of optimal fluoride level in drinking water.38 The changes in dental caries prevalence in Kingston must be viewed in light of the effect of changes in socioeconomic characteristics and the impact of the availability of other forms of fluoride in non-fluoridated areas.
The results indicate that the extent and severity of dental fluorosis among residents in an optimally fluoridated community in a Northeastern State is within the normal range, as specified by Dean. Dean has stated that the mildest forms of dental fluorosis would occur in about 10 per cent of a population that used water containing about 1 ppm of fluoride continuously from birth.50 Later 45 However, at that time, only 7-8-year-old children had received fluoride in drinking water continuously from birth. The change in the occurrence of very mild to mild categories of dental fluorosis from the original study is noticeable in the non-fluoridated city of Kingston. This increased occurrence of fluorosis in non-fluoridated areas has been reported by other investigators.4'34 '35 In Kingston, the increased occurrence of fluorosis may be attributed to a large extent to the use of fluoride supplements. If the use of infant formula was similar in the studied populations and the cases and controls are representative of the population, then an important factor associated with dental fluorosis is the use of fluoride tablets/drops. The fact that this group received fluoride supplements at a higher than the currently recommended dosage may have contributed to an increased risk for developing fluorosis.52
The higher dental fluorosis rate reported for Kingston when compared to the studies conducted in other non--fluoridated areas is consistent with the variation in the fluoride supplement use in different regions of the country.34 3 The findings from the 1983 National Health
Interview Survey indicated that the use of fluoride supplement was more frequent among White families with high incomes in the Northeastern regions.53 Dental caries declined substantially both in Kingston and Newburgh, a trend that is consistent with the recent findings from other studies. 1-9,13 An observation of particular interest is that between the 1940s and 1960s, dental caries increased in the non-fluoridated Kingston in contrast with the fluoridated Newburgh. As a result of this phenomenon, the caries decline between the 1960s and the 1980s in Kingston appears to be greater in Kingston compared to Newburgh. In spite of this decline in caries in the non-fluoridated area, lower caries prevalence continues to exist in the fluoridated area. However, factors such as differences in the service utilization patterns as evidenced by the comparison of the proportion of filled component of all caries surfaces, interruption in the fluoride availability for Newburgh children, and an increased availability of fluorides for Kingston children complicate the measurement of impact of fluoridation in this study.
An analysis of dental caries prevalence, according to Dean's fluorosis classification, revealed that children with very mild to moderate to dental fluorosis had 41 to 54 per cent lower caries prevalence. Driscoll, et al, observed similar differences among children residing in areas where the fluoride is above optimal levels.37 The additional caries inhibitory effect for children with very mild to moderate dental fluorosis observed in the original studies appears to still exist.5' Several researchers have suggested that the logical implication of an inverse relationship between dental caries and dental fluorosis in the development ofpublic policy is that a slightly increased risk for dental fluorosis is preferable to a higher risk for dental caries,57'58 since the very mild to mild categories of fluorosis are neither an adverse health effect nor esthetically objectionable, whereas dental caries results in pain, suffering, loss of esthetics, and higher costs.
